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Project Overview

» Project Objective

m To develop low cost Na-ion batteries with comparable performance to Li-ion batteries
(LIBs) and to utilize the existing facilities/capabilities for LIB manufacturing.

» Accomplishments in FY18

m Research highlights

» Developed advanced anodes (Sb@C microspheres =) Bi mp SnS) with a specific capacity of ~350
mAh/g and >80% retention over 200 cycles.

« Developed high performance Na-ion battery cathodes. The O3 type layered metal oxide cathode can deliver
~150 mAh/g specific capacity between 2-4V and ~195 mAh/g between 2-4.2V. Excellent cycling stability
with >90% retention over 1000 cycles between 2-4V was demonstrated.

m Publications: 2 papers published and 2 papers under review.
« B.W. Xiao, et al. Adv. Energy Mater. 2018, 8, 1801441
s« J. Song, et al. Adv. Energy Mater. 2018, 8, 8, 1703082.

m Professional activities put DOE at the leading position in Na-ion battery research

s The special issue organized on Na-ion batteries for Advanced Energy Materials was published
https://onlinelibrary.wiley.com/toc/16146840/2018/8/17

» Organized Nature Conference on Materials and Electrochemistry: Fundamentals and Applications and

chaired the Na-ion battery session.
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Why do we need Na-ion batteries

Dramatic increase in the consumption of Li compared to the limited reservation/production
casts big concern on the price escalation of Li-ion batteries

Lithium consumption at ~90kWh battery A ~80 million auto sale in 2017
20% EV

A Li->Li* + e (3860 mAh/g?)
A1l kwh = 270,000 mAh & 70 g

A 90 k VBIBkdiof Li Denetration

A 100.8k tons of Li will be needed

Lithium Sodium
Production of 2017: 43k tons 6'" most abundant element in earth crust
A ~50% of current production used in Reserves of 2017: 25 billion tons
batteries Production of 2017: 54 million ton
A Lithium price: ~2x increase since 2014 A ~1000x annual Li carbonate production
Reserves of 2017: 16 million tons A ~100x cheaper than Li carbonate

Na-ion battery, with comparable energy and cycle life to Li-ion battery and lower cost,
Is the best alternative to Li-ion battery at deep penetration of renewable energy storage

1. https://news.ihsmarkit.com/press-release/global-auto-sales-set-reach-935-million-2017-

risk-greater-ever-ihs-markit-says

https://en.wikipedia.org/wiki/Abundance of elements in Earth%?27s crust _

https://www.metalary.com/lithium-price/ \gg/

https://minerals.usgs.gov/minerals/pubs/commodity/lithium/mcs-2018-lithi.pdf

https://minerals.usgs.gov/minerals/pubs/mcs/2018/mcs2018.pdf Pacific Northwest
MNATIONAL LABORATORY
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https://news.ihsmarkit.com/press-release/global-auto-sales-set-reach-935-million-2017-risk-greater-ever-ihs-markit-says
https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth's_crust
https://www.metalary.com/lithium-price/
https://minerals.usgs.gov/minerals/pubs/commodity/lithium/mcs-2018-lithi.pdf
https://minerals.usgs.gov/minerals/pubs/mcs/2018/mcs2018.pdf

Where do we need Na-ion batteries for

1. Stationary energy storage
Backup power etc

2. Low/medium speed vehicles
Electric bicycle/motorcycle,
personal transportation etc
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PNNL strategy and roadmap

Goal:
Comparable energy and cycle life to the range of Li-ion batteries with ~30% lower cost

Strategy Na-ion battery development roadmap
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Gen2 technology:

U High energy layered cathode: 1.5 times of the capacity of gen 1 cathode

U Hard carbon anode: >50% improvement of the capacity at high rate using
advanced electrolyte
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Gen2 hard carbon anode
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Advanced electrolyte enables >50% improvement of the capacity
of hard carbon anode at high rate

B.W. Xiao, et al. Adv. Energy Mater. 2018, 8, 1801441
J. Song, et al. under preparation.
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Gen2 cathode material

Long term cycling stability (2-4V)
Rate performance (2-4V)

~135 mAh/g
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The new cathode material delivers high specific capacity, good rate performance and
good cycling stability between 2-4V

U ~81% capacity retention over 1000 cycles at 240 mA/g current density.

U The specific capacity is 1.5 times of the Genl cathode.
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